Context: Axillary vein puncture is an alternative method for pacemaker leads implantation. However, the safety and effectiveness of axillary vein puncture become an issue for debate now. Aims: The aim of this study was to investigate the safety, feasibility, and efficacy of a modified axillary vein technique for pacemaker implantation. 
intRoduction
Cardiac pacemaker implantation is a common clinical practice, and demand for pacemaker implantation increases year by year with aging population. [1, 2] The subclavian vein puncture is the most widely used method for pacemaker implantation; however, this technique is associated with potentially severe complications including pneumothorax, hemopneumothorax, brachial plexus injury, and subclavian crush syndrome, which will lead to bad clinic consequences. [3, 4] The cephalic vein is another common access for pacemaker implantation, but this vein is too small and not suitable for multiple leads insertion and implantable cardioverter-defibrillator implantation. [5] The femoral vein was also adopted in recent trials for leadless pacemaker. [6, 7] Axillary venous access is an ideal alternative strategy for pacemaker implantation. In 1999, Belott proposed a blind axillary vein puncture technique with a high success rate using anatomic landmarks. [8] Nonetheless, in the initial Belott's method, the needle tip was aimed downward, toward the lung, which would potentially increase the risk of pneumothorax. In the year of 2006, Belott introduced a modified method of axillary vein access relying on superficial anatomy and fluoroscopy of the first rib. [9] Recently, Yang and Kulbak reported that use of the caudal 35° fluoroscopic view could help to avoid the risk of pneumothorax in the process of axillary vein puncture. [10] However, the puncture site was not defined before incision by this method; this might potentially decrease the success rate of using this implantation method in daily clinical practice since most operators prefer to first achieve the successful puncture before incision and creation of pocket for pacemaker.
subjects And Methods
This study was approved by the Central South University Ethics Committee for Human Research from The Second Xiangya Hospital (Changsha, China). Patient consent forms were obtained from all cases before this research. In view of the limitations of traditional axillary vein puncture techniques described above, we made some modifications to Belott's [4] and Yang's [5] methods. Briefly, the deltopectoral groove was palpated and its location and direction were noted. Also, the coracoid process (CP) and infraclavicular space were carefully identified. As shown in Figures 1 and 2 , an assumed line was made from CP to the medial perpendicular to the deltopectoral groove. The puncture site was set at about 1-2 cm away from CP on the assumed line. After local anesthesia with lidocaine, negative pressure was applied on the micropuncture needle using a 20-ml syringe. The needle was advanced parallel to the deltopectoral groove at an angle of 30°-45° to the skin according to patients' body habitus [ Figure 3 ]. At the same time, the fluoroscopy camera was moved to 35° caudal to show the margin of the lung and the first rib [ Figure 4 ]. At this view, the needle was moved toward the lateral of the first rib. For obese patients, one operator's thumb should press around the infraclavicular space to facilitate the needle moving toward the axillary vein. After the puncture needle entered the axillary vein, a guidewire was advanced from the tail part of the puncture needle [ Figure 4 ]. When the wire was advanced into the inferior vena cava under the guidance of anterior-posterior fluoroscopy, an incision (about 4 cm) was made horizontally from the puncture site toward the sternum pacemaker after repeated local anesthesia to create the pocket for pacemaker. Occasionally, the needle was required to withdraw and advanced again with slight adjustments on the puncture angle or the needle was moved from medial to lateral along the first rib until venous access was achieved.
Results
A total of 139 consecutive patients referred for pacemaker implantation, between March 1, 2016, and December 31, 2016, were included and underwent pacemaker implantation with this modified axillary vein puncture method. Among the 139 patients, 70 were female and the average age of patients The puncture needle, which is far away from the first rib and the thoracic chamber, was advanced into the axillary vein, as evidenced by the wire in the SVC. SVC: Superior vena cava was 59.50 ± 11.53 years. One hundred (71.94%) patients underwent permanent pacemaker (PPM) implantation, while 39 (28.06%) patients underwent temporary pacemaker (TPM) implantation. Right-sided implantations were performed in seven patients receiving PPM and all 39 patients receiving TPM. Axillary vein puncture was successfully achieved in 134 (96.40%) patients. Only five patients (3.60%) required an alternate strategy (subclavicle vein puncture, four from the same side and one from the opposite side) to ultimately achieve venous access. Reason for the initial failure of venous access with the use of this modified implantation method was angiography-evidenced axillary vein vasospasm in all these five patients [ Figure 5 ]. No significant pocket hematoma, pneumothorax, hemopneumothorax, major bleeding, or other severe complications occurred during or after the operation.
discussion
The present study shows satisfactory results of pacemaker implantation with the modified implantation technique.
Success rate
The total success rate was 96.4% with this modified axillary vein technique for pacemaker implantation, which is an acceptable high success rate in comparison with the current practiced clinical implantation techniques. Comparable to the reported 98.2% success rate by the blinded axillary vein puncture method, [8] another research disclosed a success rate of 88% by ultrasound-guided venous access for PPM leads. [11] In X-ray guided strategy, such as using the outer edge of the first rib as a fluoroscopic landmark, the success rate was 94.50%, and this rate could be improved to 100% if angiography was adopted to show the anatomy of axillary vein. [12] Furthermore, other cardiologists adopted body surface of the second rib as a landmark and obtained a high success rate as well. [13] Another report of axillary vein puncture using the 35° caudal view implied a success rate of 96.1%, [10] which is very similar to our strategy. All these methods showed a high success rate of approximately or more than 90%, indicating the usefulness and reliability of axillary vein puncture strategy for pacemaker implantation in clinical practice.
Rational for modification
Our strategy is originated from the method described by Belott; [3, 9] this method highlights the use of the first rib for orientation under fluoroscopy to avoid the rare incidence of pneumothorax. The major difference between present technique and Bellot's method is the application of the caudal 35° fluoroscopy to clearly illustrate the border of lung and the first rib and hence this modification is helpful to minimize the risk of pulmonary complications such as pneumothorax and hemopneumothorax. Although Yang and Kulbak have shown that the 35° caudal view could reduce pulmonary complications when performing axillary vein puncture, the puncture site was not exactly determined before incision and the incision was already done before venous puncture. [10] In case of axillary vein vasospasm in the incision side, another incision must be made on the other side, and this extra incision could be avoided with our approach since we can freely choose alternate strategies for pacemaker implantation without the need of making two incisions.
Technical considerations
Caution is needed to avoid the damage of axillary artery because there is a potential risk of producing arteriovenous fistula. The spatial relation between the axillary vein and axillary artery is very close. In the caudal view, the axillary artery and axillary vein are nearly in the same plane [ Figure 6 ]. If the puncture site is not exactly indicated in advance, a relative low puncture site would lead the needle tip passing through axillary vein and then entering axillary artery, resulting in arterial damage. Coincidental variation of the axillary artery is another issue of caution. [14] In the present study, the incision was made medial to the puncture site. Thus, there was an adequate distance from the shoulder joint and had little influence on the activity of the upper limb. If the incision is made at the deltopectoral groove, one should be cautious of not inducing damage on the activity of the upper limb. [10] Technical limitations This is our primary attempt for the axillary vein puncture using this new technique. The average time spent in the puncture is slightly longer than a conventionally used method such as subclavical vein approach. Since X-ray is incorporated in this procedure, the fluoroscopic time is slightly longer in this newly introduced strategy. We hope, in the future, when we are more skillful in this method, these disadvantages could be reduced to a minimum.
conclusion
Our study results indicate that the modified axillary vein puncture strategy combining caudal 35° fluoroscopy and surface anatomic landmarks is safe and feasible for pacemaker implantation.
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